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Introduction 

During the 1964 and 1965 apparitions of Jupiter, we operated an observing 
statim seaxchixq fer Jcrian radio -issfon between 3 ar;d 8 zc,'s. The concurrent 
lull in solar activity held out the promise that ionospheric effects would not be 
prohibitive, even at such "long decametric" wavelengths. 

Host students of Jupiter's redio noise storms have used wavelengths about ten 
to twenty meters ("short decametric") for synoptic observations. Their results 
may be described by certain features, such as the dependence of emission upon 
Jupiter's longitude. 
Douglas 1964; Smith and Carr 1964). 
features as the wavelength increases? 
was unclear. 
1965) were enough to give the tantalizing suggestion the descriptive properties 
changed markedly. 
example, the flux densities reported by Smith and his co-workers were ten to one 
hundred times that recorded by Ellis. 
away all these uncertainties. 3ur results are rather less sweeping. Roughly 
speaking, our data lean toward Ellis's, however our sensitivity was not high 
enough to see activity as often as he. 
the last section, following a description of the equipnent and the criteria where- 
by Jupiter was identified. 

These features have been reviewed extensively (for example, 
The question arises what happens to these 
Extrapolation from the short decametric data 

Those observations that had been attempted (Ellis, 1962; Smith et ale, 

But there was little agreement on what changes occurred . For 
Our experiment, then was intended to sweep 

In detail, the results are discussed in 

Equipnent and Identification 

?here are severel annoyances c m o n  to radio astronomy: poor directivity, 
ionospheric effects, interference, and so on. But as the wsvelength increases 
toward one hundred meters, these sores swell up approaching the unbearable. 
Therefore in the design of our equipnent several features were thought to be 
desirable. 
identification of the source on Jupiter. 
which the receiver band-pass was restricted to about 2 kc/s. 
should cover as many frequencies as possible, to determine the spectrum; ideally, 
a swept frequency receiver should be used. Unfortunately, the narrow bandwidth 
required to avoid stations, made this impractical and we chose several discrete 
channels. 
ionosphere and interference would permit us to use. 
the antennas and the interferometer electronics to be broad band, which permits 
tuning any channel receiver to any frequency in the 3 - 8 mcls range. 

The first was that an interferometer must be used, as an aid to the 
The second was high selectivity, for 

The observations 

However, it wasrlt possible to tell at the outset what frequencies the 
Therefore, we chose to design 

m e  system resulting from such considerations was this: a two element phase- 
The switching interferometer. 

antennas were canpound six-wire dipoles, which have fairly mild changes in im- 
pedance over the 3 - 8 mc/s range. The phase-switch output was fed to communi- 
cations receivers (up to six in number). 
sensitive detector (2 sec. time constent), and then recorded on strip-chart re- 
corders. 
integrating capacitor in the detector during 8 burst of atmospherics. Thus, by 
omitting sferics, the sensitivity during the summer of 1965 was about three or 
four times that during 1964. 

The base line was either 800 or 2000 meters, E-W. 

The signal then passed through a phase 

During 1965, a system of reed switcheswss added which disconnected the 
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The advantages of t h i s  system were its s impl ic i ty  and f l e x i b i l i t y ;  t h e  most 
se r ious  object ion was t h e  low s e n s i t i v i t y ,  due mostly t o  t h e  lack of antenna gain.  
We experimented with longer time constants ( E l l i s  used th ree  minutes), but  without 
siicce~s. Evidently, extremely l o w  ievel interference,  or some other  cause, pro- 
duced a wandering base l i n e  w i t h  a time s c a l e  s imi la r  t o  t h e  f r i n g e  period. 
consequence of this s h o r t  coming, w e  f a i l e d  t o  record much of t he  low l e v e l  a c t i v i -  
i y  reported by E l l i s  by Erickson's antenna a t  26 mc/s (Etone et  al., 1964) or by 
Clark and Dulk (1966f a t  10 mc/s 

I n  

A t  the  longer decametric wavelengths, one receives  a great deal of r ad io  
The galactic background is high, sierics a r e  very cammon, and in te r fe rence  

And the re  may be other causes. 
Perhaps t h e  best 

noise. 
from man made sources is of ten  very severe. How 
does one prove that a given noise  record is produced by Jupi te r?  
way is t o  obtain the pos i t ion  of t he  source w i t h i n  s a t i s f a c t o r i . l y  small l i m i t s .  
If J u p i t e r  is within t h i s  s o l i d  angle, and i f  the source follows t he  motion of 
Jup i t e r  i n  hour angle during the night, and i n  r i g h t  ascension during t h e  season, 
then there is reason t o  suppose the  source is  essoc ia ted  w i t h  the planet ,  o r  h i s  
satellites. 
of phase angle of the source with respect  t o  t h e  interferometer  f r i n g e  maxima. 
S t r i c t l y  speaking, our system doesn8t  f u l f i l l  t he  rigorous conditions;  but under 
favorable  conditions the per iodic  var ia t ions  of the record g ive  a good f i t  t o  that 
per iod expected from t h e  diurnal  motion of Jupi ter .  Conditions a r e  r a r e l y  i d e a l  
however, and on most events t h e r e  may be some cause t o  quest ion the  iden t i f i ca t ion .  

Our instrument records the  product of t h e  f lux  densi ty  and t h e  cosine 

It should be emphasized that an observer was on hand. We had o r i g i n a l l y  
thought t h a t  w e  could use t h e  "aural  monitoring" of Smith, Carr and t h e i r  co l -  
leagues. Unfortunately t h e  storms were so weak--much less than the  g a l a c t i c  back- 
ground--that they were inaudible.  The observer's chief funct ion then became one 
of t e s t i n g  any a c t i v i t y  seen on t h e  recorders t o  s e e  whether it might be weak 
in t e r f e rence  or same other terrestrial cauee. 

I n  view of the unce r t a in t i e s  involved w e  grade the  i d e n t i f i c a t i o n  of a c t i v i t y .  
Grade A contains  events most l i k e l y  t o  o r ig ina t e  from Jupiter,  although rigorously,  
t h e  word l ce r t a in"  may be t o o  strong. 
Jup i t e r ,  and we th ink  it is. 
possibly Jup i t e r ,  but we doubt it. 
decide. Generally, the B grades contain storms t h a t  l a s t  too  shor t  a time t o  g i v e  
a p rec i se  period, although the re  may be other  reasons f o r  doubt, such a s  pecul ia r  
a c t i v i t y  a t  other  times during t h e  night .  
grade S - these  are hours long events of ten  q u i t e  strong, and seen only i n  the 
summer of 1964. 
sunrise, when Jupi te r  was near t r a n s i t .  
bu t  it doesn't appear t o  be t e r r e s t r i a l .  

P, grade of Bt- ind ica tes  an event possibly 

A very few events a r e  (irade B-;.e. w e  can ' t  
"here a l s o  occur a number of B- events, which are 

We a l s o  def ine an i d e n t i f i c a t i o n  of 

The f r i n g e  pa t te rn  i s  of ten  q u i t e  i r r egu la r ,  especially a f t e r  
W e  do not know t h e  source of t h i s  noise, 

I n  analyzing the da ta ,  t he  d i f f e ren t  grades a r e  kept separate .  We f e e l  t h a t  
t h e  sum of the A and Bi- data  should g ive  t h e  best p i c tu re  of Jup i t e r ' s  p roper t ies .  

Perhaps t h e  "Meridian Noise" should be mentioned b r i e f l y .  Quite of ten  w e  
observe a s t rong  noise source which gives marked def lec t ion  on t h e  phase-sensi t ive 
recorders,  but  this source does not partake of t h e  d iurna l  motion of the  sky. 
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Although t h e  record may wander and change s ign  i n  a cyc l i ca l  way, thus  looking 
roughly l i k e  Jupi te r ,  the record is r a r e l y q m e t r i c a l ,  and the re  are long in t e rva l s  
where t h e  source i s  near ly  fixed. 
been possible, i n  a few cases, t o  t rack  the phase deflection 2s a frmction nf fre- 
quency. Such data  show the  source t o  be loca ted  near the meridian. While a care- 
ful test hasn ' t  been made, there seems t o  be a s t rong tendency f o r  these  Meridian 
bioise Storms t o  occur severa l  hours following a rise i n  the magnetic-K index t o  3 
or more. 
these  events could be mistaken for Jupi ter ,  espec ia l ly  using the  au ra l  monitoring 
technique. 

Eecause w e  may tune a channel anywhere, it has  

These events may have i n t e r e s t  i n  themselves; s u f f i c e  it t o  note  t h a t  

Results 

Our 1964 observing season r an  from J u l y  1, 1964 through January 20, 1965. 
About two-thirds of t h e  n ights  were quiet, or moderately so. 
a c t i v i t y  would be ident i f ied ,  probably, i f  i ts f l u x  dens i ty  exceeded 2 x 
w/m2 cps. (depending on fre.9ency).  
by Ellis, and it is  Rot a t  a l l  surprising t h a t  w e  see a c t i v i t y  only ra re ly .  
tu rns  out  t h a t  
m y  be 1 x 10 . Feveral of our Jup i t e r  events have continuum f luxes  near this 
value, bu t  w e  cannot e a s i l y  estimate t h e  amount of time for which conditions a r e  
that  good. Therefore, w e  cannot offercclcurzence probabi l i t i es .  

On these,  J u p i t e r  

This threshold is much larger than t h a t  used 

ny nights  a r e  much quie te r  than average; on these  t h e  flux l i m i t  
It  
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During the 1964 season, w e  recorded t h i s  number of events: 

Iden t i f i ca t ion  grade A 10  
B+ 11 
B 6 
S 6 
3- (14) 

t o t a l  47 

There are several  p roper t ies  one may seek: dependence upon frequency, upon 
rad io  longitude, upon io's longitude; the character  of t h e  storms, and so on. 

Character. 

sometimes seen. 
sound.  
vary l i t t l e  or none i n  power for twenty minutes o r  SO. A typ ica l  event, l a s t i n g  
an hour o r  more, has these  long periods of continuum, separated by gaps of t e n  or 
more minutes. Very of ten  rises or enhancements occur, lasting one t o  th ree  
minutes. On weaker storms, only t h e  enhancements seem t o  show. Occasionally, 
burs t s ,  on a t i m e  scale of seconds are seen. If the storm shows on more than one 
channel, a c t i v e  and quiet periods tend t o  occur concurrently;  d r i f t  i n  frequency 
is  rare. 

"he shor t  decametric rad ia t ion  is famous f o r  its burs t s ,  although continuum i s  
It is  t h i s  rough character that gives  rise t o  t h e  "swishing" 

The most s t r i k i n g  f e a t u r e  of our events is t he  smooth continuum which may 
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Frequency. 

6.6 mc/s. Taking only those A, B-t and E3 events f o r  which four  or more channels 
had s u f f i c i e n t  s e n s i t i v i t y  (16 events),  n ine were not recorded below 5.5 mc/s.; 
f i v e  were seen on most channels, and only  two were restricted t o  frequencies below 
4.7 mc/s. 

W e  usual ly  operated four  o r  f i v e  channels, t yp ica l ly  3.5, 4.1, 4.7, 5.5 and 

Two broad band storms showed ratches of emission a t  3.5 mc/s. The i n t e r e s t i n g  
po in t  is that  t h e  f l u x  dens i ty  was very much lower, perhaps one-tenthf t h a t  re- 
ceived above 5 mc/s. The f l u x  densi ty  a t  4.1 was a l s o  lm. The only reason w e  
could see such a c t i v i t y  a t  a l l  i n  our data is t h a t  t h e  f l u x  limit a t  3.5 m c / s  was 
much lower than a t  higher frequencies, due possibly t o  t h e  p re fe ren t i a l  absorption 
a t  l o w  angle  sferics and interference.  
bu t  t h e  usual estimates suggest a fac tor  of no more than a two t o  three,for  what- 
ever they ' re  worth. 

The s igna l  from J u p i t e r  is absorbed too; 

Longitude. 
hos t  of the grade A events occur between AIII between 330" and 30"; t h e r e  is 

a secondary peak a t  hIIT = 155O. 
the most favored, espec la l ly  300" - OD; severa l  addi t iona l  events occur near 155" 
and th ree  near 110". 
odd s ince  w e  think they a ren ' t  Jupiter. 
fill i n  most longitudes. 

Pdd ing  the B+ events, t h e  four th  quadrant becomes 

The B- events almost always occur near 90" t o  150" -- r a t h e r  
The grade S events l a s t  so long that they 

An in t e re s t ing  f e a t u r e  f o r  any group, or f o r  a l l  together:  No a c t i v i t y  was 
detected between 2008 and 240", except two b r i e f  B- events. 

Inf luence of Io.  

s t rong tendency f o r  I o  t o  have a posit ion angle tfrom superior  conjunction) 
between 200' and 250". iIowever, t he  storms between 150" and 170" show no prefer- 
ence f o r  Io's posit ion.  The reader must be warned t h a t  t he re  are dangerously f e w  
events. If fu r the r  work sus ta ins  these impressions, they bear an inverse r e l a t i o n  
t o  t h e  s h o r t  decametric data. For these, it is  the second quadrant source which 
requi res  I o  t o  be a t  an appointed spot (@19d900) ;  emission from t h e  "main source" 
(240'f) is more l i k e l y  when Io ' s  posit ion is near 240", bu t  the e f f e c t  is not so 
strong. 

Except f o r  the events occurring between hII 150" and 170'' t h e r e  is a very 

In  conclusion, w e  have taken a s  much care as w e  can t o  avoid contamination by 
f a l s e  iden t i f i ca t ions .  Pa r t ly  as a r e s u l t  of t h i s ,  and p a r t l y  because of t h e  wide 
frequency range covered, w e  obtained records of r e l a t i v e l y  s t rong  a c t i v i t y  only. 
The fea tu res  w e  obtain include these: (1) t h e  power received from J u p i t e r  seems t o  
f a l l  off  markedly below 4 or  5 mc/s .  We suggest t h a t  t h e  e f f e c t  i s  real, despite 
possible ionospheric e f f ec t s .  ( 2 )  The longitude p r o f i l e  has  a broad peak of a c t i v i t y  
between 300" and 30" which is associated with Io's pos i t ion  near 230"; and a 
second peak near 150" longitude which is less s e n s i t i v e  t o  Io's posi t ion.  
t i v i t y  w a s  seen t o  occur a t  any longitude except 200' t o  240". 

( 3 )  ac- 

Analysis of 1965 data should augment, and possibly change, the f ea tu res  men- 
tioned. Provisionally,  w e  seem t o  see a p i c tu re  a t  long wavelengths i n  some ways 
complementary t o  the w e l l  known view, seen a t  shor te r  wavelengths. 
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